Mycotoxins are toxic secondary metabolites produced by various fungi and are known to contaminate animal feed ingredients especially cereals. One of the most common mycotoxins in swine diets is deoxynivalenol (DON) which is known to decrease growth performance. The objective of the present study was to evaluate the effects of single or repeated shortterm DON challenges on growth performance, and feeding behavior in finishing pigs. A total of 160 pigs were distributed to four experimental groups in two successive replicates with each pig individually measured for live BW and individually fed using an electronic feeding station. The pigs in control group CC were fed with a standard finisher diet during the whole duration of the experimental period. Groups DC, CD, and DD were given the DON-contaminated diet (3.02 mg DON/kg feed) for 7 d at 113 d, at 134 d, and at 113 and 134 d of age, respectively. The DON-contaminated diet was formulated with a naturally contaminated corn. During challenge periods, ADFI was decreased by 26% to 32% (P < 0.05) and ADG by 40% to 60% (P < 0.05). The drop in ADFI during DON challenges was associated with changes in the feeding behavior: when compared to the nonchallenged pigs, pigs fed with DON-contaminated diet had lower number of meals per day (9.6 versus 8.2 meals per day on average; P < 0.05) and slower feeding rate (42.0 g/min versus 39.9 g/min on average; P < 0.05). For the whole trial period, pigs submitted to the DON challenge at the end of the experiment (i.e., first time for CD group and second time for DD group) had a lower (P < 0.05) ADFI (2.67 and 2.59 kg/d, respectively) when compared to the control CC group of pigs (2.87 kg/d). An intermediate value was reported for the DC groups (2.79 kg/d). All challenged groups, i.e., DC, CD, and DD pigs, had lower (P < 0.05) overall ADG (970, 940, and 900 g/day, respectively) than CC (1,050 g/day) for the whole trial period. Pigs challenged early in the trial, i.e., DC and DD groups, had a higher (P < 0.05) FCR than CC group (3.00 and 3.06 versus 2.80, respectively) while group CD showed intermediate results (2.92). This study demonstrates that the severity of DON toxicity in pig performance can be related to the age of exposure (113 or 134 d) and the number of exposures to the toxin (one or two). Exposure to DON also resulted to longterm effects because challenged pigs showed limited ability to recover after the DON-induced reduction of feed intake.
INTRODUCTION
Trichothecene mycotoxins are closely related compounds produced by several Fusarium species mostly in cereals and grains. Among these, deoxynivalenol (DON) is often associated to a reduced 1 performance in livestock animals with symptoms including feed refusal, reduced growth, and digestive disorders. Pigs are the most sensitive among farm animals because they have limited metabolic ability to transform DON into less toxic products (Wu et al., 2010) . The susceptibility of pigs to DON is also related to their cereal-rich diet which increases their exposure probability (Pinton and Oswald, 2014) .
In swine, as in other animal species toxic effects of DON include protein synthesis inhibition (Dänicke et al., 2006) , neuroendocrine changes (Bonnet et al., 2012) , inflammatory effect (Alassane- Kpembi et al., 2017a) , damages to intestinal epithelial cells leading to loss of barrier functions (Pinton et al., 2010) , and vomiting among others (Payros et al., 2016) . Reported effects in gilts include ovarian lesions and a dose-dependent decreased linear trend in fetal weight and length (Friend et al., 1983; Gerez et al., 2017) . In terms of growth, the most highlighted effect of DON is its negative impact on feed intake with subsequent effects on growth rate. However, there is high variability within reports about its impact severity because the toxic effects are highly dependent on dose and source of the toxin, animal age, duration of exposure, and interaction with other compounds, e.g., other mycotoxin (EFSA, 2017) .
Although there are many studies about DONcontaminated diets in growing pigs (Forsyth et al., 1977; Friend et al., 1986; Trenholm et al., 1994; Rotter et al., 1995; House et al., 2002; Dänicke et al., 2004; Pinton et al., 2012; Alizadeh et al., 2015; Gerez et al., 2015) , little is known about the short-and long-term effects of an acute DON challenge. There are also few studies on the ability of the pigs to adapt to DON exposure. Thus, the objective of this work is to study the short-and long-term effects of DON challenges on the pig performance and feeding behavior. It also aims to investigate the effect of age of the pig and/or previous exposures on these responses to the DON challenge.
MATERIALS AND METHODS
The experiment was conducted in accordance with the French legislation on animal experimentation and approved by the Regional Ethical Committee (authorization: 2016022415253973).
Animals and Treatments
A total of 160 Pietrain × (Large White × Landrace) pigs were used in the experiment in two replicates, with each pig individually measured for live BW and individually fed using an electronic feeding station. The two replicates of the experiment were conducted in the INRA experimental facilities at the Unité Expérimentale Porcs de Rennes (UEPR) located in Saint Gilles, France. The first replicate was conducted from April to June 2017 and the second one from August to October 2017. The average climatic parameters during replicates 1 and 2 are as follows: temperature at 22.9 and at 23.1 °C, respectively, relative humidity at 68.2% and 75.1%, respectively, and dew point at 16.7 and 18.4 °C, respectively. Each replicate had an equal number of castrated males and females. Within each replicate, pigs were blocked according to sex and litter origin, and were allotted to four experimental treatments in a randomized complete block design. From 91 to 98 d of age, the pigs started the transition from a commercial grower feed to the control finisher feed. The experiment started and ended at 99 and 154 d of age, respectively, and all pigs were slaughtered at 161 d of age.
The two diets used were based on corn and soybean meal and were formulated to contain the same amount of standardized ileal digestible lysine per MJ of NE (0.8 g/MJ NE) and to meet the ideal protein profile for essential amino acids ( Table 1 ). The control diet was based on a corn with a very low DON concentration. The DON-contaminated diet was obtained by using a naturally contaminated corn containing an initial amount of 4.8 mg DON/ kg. The analyzed DON content in the control and DON-contaminated diets were 0.14 and 3.02 mg DON/kg feed, respectively ( Table 2) .
The description of the experimental study is presented in Figure 1 . During the experimental period, the pigs from the experimental group CC received the control diet throughout the finishing period (99 to 154 d of age). The pigs of the experimental group DC were given the DON-contaminated diet for 7 d starting at 113 d of age (i.e., 113 to 119 d of age). The pigs of the experimental group CD were given the DON-contaminated diet also for 7 d starting at 134 d of age (i.e., 134 to 140 d of age). The pigs of the experimental group DD were challenged with the DON-contaminated diet for 7 d starting at 113 d of age and for another 7 d starting at 134 d of age. After each challenge, a 14-d recovery period was observed. During the pre-and the postchallenge periods, pigs were fed with the control diet.
Before moving to the experimental room, pigs were tagged in the right ear with a serial number and an RFID chip for identification in the sorter (which also served as the weighing machine) and in the automatic feeders. The layout of the experimental room is shown in Figure 2 and a more detailed description of the automatic and intelligent precision feeders (AIPF) used in the experiment is given by Pomar et al. (2011) . To sum up, the experimental room had two feeding zones (zones A and B) which were accessed by the pigs through an automatic sorter. Each feeding zone was equipped with four automatic feeders. During nonchallenge periods, the sorter was programmed in random order so pigs can access either zone. During challenge periods, zone A feeders were filled with the DON-contaminated feeds and zone B feeders with the control. During these periods, animals of the challenged groups fed with the DON-contaminated diet only had access to zone A (via the sorter) while control animals fed with the control diet only had access to zone B (without going through the sorter). During the challenge period, the resting areas of the control and DON-challenged groups were also separated to avoid cross-contaminations by feces. Feed and water were provided ad libitum. After the end of the trial period (or end of P5), all pigs remained in the experimental room for another 7 d and were provided with the control diet before they were slaughtered at 161 d of age in both replicates.
Measurements and Calculations
The trial was divided into five sub-periods which are as follows: prechallenge (14 d; 99-112 d of age; P1), challenge 1 (7 d; 113 to 119 d of age; P2), recovery 1 (14 d; 120-133 d of age; P3), challenge 2 (7 d; 134-140 d of age; P4), and recovery 2 period (14 d; 141-154 d of age; P5) ( Figure 1 ). Five pigs were removed from the final calculation, and statistical analysis because of poor performance, leg injury, and/or death with causes unrelated to the treatments.
Live BW was measured automatically when the pigs pass through the automatic sorter. The average daily BW was calculated to be the average of all BW recordings each day. Daily feed intake was calculated based on the recordings of the AIPF on the number of feed servings the pig requested (in theory, one serving = 25 g) and calibration factor (CF). Calibration measurements were done weekly on all feeders to correct for the actual amount of feed delivered per serving. From these measurements, the CF was calculated to be the ratio of the actual amount delivered to the theoretical value. In order to evaluate adaptive ability of the pigs during challenge periods, the daily marginal change in daily feed intake (DFI) of the challenged pigs (or the feed intake retrieval rate) was calculated as feed intake difference between days 1 and 7 of challenge divided by 6 d of the challenge.
All pigs were fasted 24 h before slaughter and BW at slaughter was measured by passing the pigs through the automatic sorter before they were transported to the slaughterhouse. Ultrasound backfat thickness (BFT) measurements were taken behind the last rib (at the boundary of thoracic and lumbar vertebrae), 3 cm off the midline (P2 points) at the beginning of the experiment, at the end of periods P2, P4, and P5. Dressing yield and lean meat percentage were also measured in a commercial slaughterhouse.
For the feeding behavior parameters, data obtained in the first day of the experiment (99 d of age) and from the other days of BFT measurements were removed from the whole database. Number of feeder visits and meals per day were recorded by the AIPF. One visit is recorded each time a pig is detected by the AIPF. The duration of each visit was calculated based on the recorded time the pig entered and was detected by the feeder and the time the pig left. Two consecutive visits separated by a time interval not longer than a given meal criterion are considered to belong to one meal. If time at feeder exceeded 5 min, the meal criterion duration no longer affected the number of meals. From this result, the adopted meal criterion for the present study was 5 min and this value was chosen for further calculation of daily components of feeding behavior criteria. These components were the meal frequency (meals per day), DFI (g/d), and average rate of feed intake (total feed intake/total consumption time, g/min). 
Statistical Analyses
Data were analyzed through an ANOVA using the MIXED procedure (SAS Inst. Inc., Cary, NC) considering the pig as the experimental unit. Effects of the experimental group (n = 4), sex (n = 2), replication (n = 2), period (n = 5), and their interactions were tested and considered as fixed effects on the growth and slaughter performance, BFT, and feeding behavior parameters. Aside from the slaughter parameters, all other parameters were all subjected to a repeated measurement ANOVA based on the periods mentioned. Initial BW was also added as a covariable to the described model for growth parameters in which it was found to be significant, i.e., BW, ADG, and ADFI, and on the feeding behavior parameters. Initial BFT was also added as a covariable on the analysis of the BFT data. For analyzing the kinetics of DFI and daily rate of feed intake (DRFI) of the different experimental groups, the whole database of DFI and of DRFI were first analyzed using SAS (Proc MIXED) with the pig as the experimental unit. The model included experimental group (n = 4), sex (n = 2), replication (n = 2), and age in days (n = 55) as fixed effects and with initial BW as a covariable. The least square means of each experimental group were compared at each given age (in days) using the Tukey test. In the first challenge, CC was not different to CD, and DC was not different to DD. Based on these results, statistical contrasts were analyzed between groups (challenged versus unchallenged) depending on the challenge period. The feed intake retrieval rate was also subjected to contrast analysis among the challenged groups. In all parameters, differences were considered statistically significant at P < 0.05.
RESULTS

Growth and Slaughter Parameters
Even though the average initial BW of pigs did not differ among the experimental groups (P = 0.672), it was found to have a significant effect as a covariable on the final BW, ADG, and ADFI during the whole experimental period (Table 3) . Looking at the overall performance during the whole experimental period, the overall ADG of the challenged groups was similar (P > 0.05) and were significantly lower than that measured in the CC group (0.94 kg/d on average versus 1.05 kg/d; P < 0.05). Groups challenged in P4 (CD and DD) had lower overall ADFI than CC (2.63 on average versus 2.87 kg/d; P < 0.05). An intermediate value was reported for the DC pigs (2.79 kg/d). Groups challenged in P2 (DC and DD) had higher FCR than the control group CC (3.00 and 3.06 versus 2.80; P < 0.05) while an intermediate value was found for the CD group (2.92). The slaughter parameters are shown in Table 4 . The experimental group did not influence the BFT at the end of the experimental period (11.11 mm on average; P > 0.05) and the BW at slaughter (114.8 kg; P > 0.05). Lean meat percentage and dressing yield were also similar between the experimental groups (60.0% and 80.8%, respectively; P > 0.05).
Feeding Behavior
Looking at the parameters per period, the feeding behavior parameters were not significantly influenced by the dietary treatment before P2: on average, pigs had 6.8 meals per day, the feeding rate was 38.4 g/min, and the DFI was 2,448 g/ day ( Figure 3 ). During challenges, the reduced feed intake in DON-fed pigs was mainly related to a reduction of the meal frequency (8.1 versus 9.7 meals/day in P2, and 8.3 versus 9.5 meals/day in P4 on average; P < 0.05), whereas the average meal size, albeit different between periods, remained constant within the period (282 and 348 g/meal on the average for P2 and P4, respectively; P > 0.05). The average rate of feed intake per period of DONfed pigs was significantly reduced only in P2 and P4 (35.1 versus 39.9 g/min on average, and 38.6 versus 44.2 g/min on average, respectively; P < 0.05).
Compared to the nonchallenged pigs, pigs fed with the DON-contaminated diet experienced a significant drop in ADG and ADFI during the 7-d challenged periods (−51% and −28% on average, respectively; P < 0.001). Compared to the CC group, ADFI during the 7 d of challenge was reduced in P2 by 0.73 and 0.86 kg/day for the DC and the DD groups, respectively, and in P4 by 0.89 and 0.83 kg/day for the CD and DD groups, respectively. Between the challenged groups in P4, ADG of CD pigs was lower than DD (0.52 versus 0.69 kg/ day; P = 0.011), whereas ADFI was similar in both groups (P = 0.915). In recovery periods following a specific challenge, ADG and ADFI of DON-fed pigs were higher than the control pigs by 0.13 and 0.07 kg/day during P3 and by 0.14 and 0.16 kg/day during P5. After being subjected to two challenges, ADG and ADFI of DD during its second recovery period (P5) was higher than CC and DC (P < 0.003 and P < 0.020, respectively) but was not different to CD (P = 0.563 and 0.159, respectively). Groups fed with DON-contaminated diet had higher FCR than the control-fed groups during challenged periods (3.59 versus 2.43 on the average during P2, and 3.66 versus 2.82 during P4; P < 0.001). There was no significant difference in the FCR among the groups during nonchallenge periods.
Finally, looking at the daily feeding behavior parameter measured during the trial (Figure 4) , the ADFI of the challenged groups significantly dropped on day 1 of exposure and showed gradual feed intake retrieval thereafter during the following 6 d. From the generation of contrast between adjacent DFI from the day prior the challenge to the 7 d of challenge, the challenged groups in P2 (DC and DD) had similar drops in feed intake on the first day (−0.77 and −0.75 kg/d, respectively; P = 0.483) and had similar feed intake retrieval rate (0.09 and 0.11 kg•d −2
; P = 0.387). In the groups challenge in P4 (CD and DD), the group DD which was previously challenged in P2 had a bigger feed intake 2 Pigs from the experimental group CC were fed the control diet all over the experimental period. DC, CD, and DD experimental groups of pigs were challenged on period 2, period 4, or on periods 2 and 4, respectively, with the DON-contaminated diet.
3 Residual standard deviation.
4 Data were analyzed using PROC MIXED with model with experimental group (G), period (P), sex (S), replicate (R), and their interactions as fixed. Initial BW i was also used as a covariable for parameters in which it had significant effect. * P < 0.05, ** P < 0.01. 5 Values presented are the live BW at the end of each period except for initial live BW.
6 Corrected value using the same initial BW (55.2 kg). Downloaded from https://academic.oup.com/jas/advance-article-abstract/doi/10.1093/jas/sky378/5174729 by INSEAD user on 22 November 2018 drop on the first day than group CD (1.56 versus 1.00 kg, respectively; P = 0.003) but it had a faster feed intake retrieval rate than the group CD (0.24 and 0.14 kg•d −2
; P = 0.007). Whatever the challenge period, ADFI of the challenged groups remained significantly lower (P < 0.001) than that of the unchallenged groups until the end of each challenge. In the recovery periods (P3 and P5), there seemed to be a lag time of around 3 days before the challenged groups started their feed intake Least square means within a row with different superscript letters differ according to the experimental treatment (P < 0.05). w,x,y,z Least square means within a column with different superscript letters differ according to the period (P < 0.05). 2 Pigs from the experimental group CC were fed the control diet all over the experimental period. DC, CD, and DD experimental groups of pigs were challenged on period 2, period 4, or on periods 2 and 4, respectively, with the DON-contaminated diet.
3 Residual standard deviation 4 Data were analyzed using PROC MIXED with model with experimental group (G), period (P), sex (S), replicate (R), and their interactions as fixed. For BFT, initial BFT (BFT i ) was used as a covariable (6.54 mm). For live weight, initial BW i was used as covariable (55.2 kg).* P < 0.05, ** P < 0.01.
5 BFT = backfat thickness. Values presented are the BFT at the end of each period except for initial BFT.
6 Live BW at slaughter (161 d of age). Figure 3 . Effect of the experimental group and period on the feeding behavior in finishing pigs (LSmeans ± SEM). Diets: Control and DON contaminated. Pigs from the experimental groups CC (n = 39) were fed the control diet all over the experimental period. DC (n = 39), CD (n = 38), and DD (n = 39) experimental groups of pigs were challenged on period 2, period 4, and on periods 2 and 4, respectively, with the DONcontaminated diet. compensation. After the lag times, feed intake of the challenged groups increased and was continuously higher than the unchallenged groups for the rest of both recovery periods. Compared to unchallenged groups, feed intake was significantly higher in DD and DC during P3 on days 125 to 127 and day 130, and in DD and CD during P5 on days 145, 147 to 150, and day 153. Between the two challenged groups during P5 (CD and DD groups), DD was constantly higher than CD for the whole recovery period though it was only significant on days 146 and 151.
DISCUSSION
Among livestock farm animals, pigs are the most exposed to DON because of their cereal-richbased diet. In contrast to ruminant and poultry, pigs are also more sensitive because they have a low ability to detoxify DON and other mycotoxins to less toxic products (Pinton and Oswald, 2014) . A reduction in feed intake is the most common effect of dietary exposure to DON. In the present study and whatever the challenge period, ADFI was reduced on average by 26% to 32% when compared to the control groups. This is similar to the average value of 26% obtained in a meta-analysis by Andretta et al. (2012) . One cause of the feed intake reduction could be related to the decreased palatability due to mold presence in naturally contaminated feed (Higgins and Brinkhaus, 1999) . However, it could also be caused by other mechanisms since in this study, the decreased feed intake was also related to a reduction in the rate of feed intake and the meal frequency, the average meal size remaining constant. The DON effect of slower rate of feed intake is comparable to findings by Goyarts et al. (2005) in which pigs fed with DON took longer to finish the same amount of ration than control-fed pigs. Moreover, the decreased meal frequency in the current study was similar to the study of Girardet et al. (2011b) in mice for which they reported reduction in both meal frequency and meal size. In the aforementioned study, the satiety and satiation effect of DON can be related to the altered anorexigenic balance in the brain (Girardet et al., 2011b) .This appetite-reducing effect of DON could be a result of its effect in the brain such as an increased serotonin turnover in the brain (Prelusky, 1993) . Bonnet et al. (2012) also suggested activation of proopiomelanocortin neurons which induces decreased food intake and nesfatinergic neurons which are associated with meal termination mechanisms. Some studies reported that DON can induce the release of satiety hormones from endocrine cells found in the gut (Zhou and Pestka, 2015) . According to AlassaneKpembi et al. (2017a) , the pro-inflammatory cytokine produced upon exposure to DON can also participate to the observed anorexia.
There is a large variability of results regarding the degree DON toxicity in pig performance (Andretta et al., 2012) . First, this variability could be attributed to diet-related factors such as source of contamination, level of DON contamination, or combined contamination with others mycotoxins among others (Mirocha et al., 1976 ; Foster et al., Figure 4 . Effect of the experimental treatment on the daily feed intake pattern in finishing pigs. Diets: Control and DON contaminated. Pigs from the experimental groups CC (n = 39) were fed the control diet all over the experimental period. DC (n = 39), CD (n = 38), and DD (n = 39) experimental groups of pigs were challenged on period 2, period 4, and on periods 2 and 4, respectively, with the DON-contaminated diet.
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1986; Trenholm et al., 1994; Andretta et al., 2016; Guerre, 2016; Alassane-Kpembi et al., 2017b ). In the current experiment, the analyzed DON and zearalenone (ZEN) content in the control diet was 0.14 and 0.10 mg/kg feed which is lower than the guideline levels based on EU Commission Recommendation 2006/576/EC (2006) of 0.90 and 0.25 mg/kg feed, respectively. Meanwhile, the DON and ZEN content in the DON-contaminated diet (i.e., 3.02 and 0.76 mg/kg feed, respectively) exceeded the guideline levels. Concentration of nivalenol, a closely related molecule to DON, was also higher in the DON-contaminated diet than the control (0.62 versus 0.02 mg/kg feed). Both nivalenol and ZEN are known to co-occur with DON in naturally contaminated feed and feed ingredients (Mirocha et al., 1976; Yoshizawa and Hosokawa, 1983; Zinedine et al., 2007; Gerez et al., 2015; Calori-Domingues et al., 2016; Smith et al., 2016; Bryła et al., 2018) and were found to have a synergistic toxic effect with DON (Gerez et al., 2015; Ren et al., 2016; Alassane-Kpembi et al., 2017b) . The concentration of DON contamination also affects the severity of the impact in which multiple studies have already reported its dose-dependent effect particularly in feed intake Dänicke et al., 2006; Guerre, 2016) . In the present study, a level of 3.02 mg DON/kg feed was sufficient to decrease the feed intake of the finishing pigs. The toxicity of DON and mycotoxins in general is also influenced by animal-related factors such as the age or physiological state of the animal (Pier et al., 1980; Broom, 2015) . The present study also suggests this age-related effects indicated by the greater decrease in ADFI expressed as kilograms per day in pigs challenged late in the trial (P4) than those challenged early (P2). However, when it was expressed in percentage relative to the control, the feed intake reduction was comparable in both periods (−30% and −27% in P2 and P4, respectively).
According to Dänicke et al. (2004) , ADFI was reduced by about 9% in finishing pigs fed with a contaminated diet containing 3.7 mg DON/kg for 10 weeks from 68 to 104 kg BW. This reduced ADFI was much lower than the value reported in the present study for a 7-d challenge period, suggesting that the duration of the challenge can also modulate the negative effect of DON in pig appetite. In the present study, the drop in the feed intake in the first day of DON exposure could be associated to the palatability or appetite-reducing effect previously discussed. After this initial drop in feed intake, the gradual increase in ADFI (feed intake retrieval) clearly indicated that pigs have the ability to adapt to the presence of DON in the diet. This result is in agreement with previous studies (Foster et al., 1986; Prelusky, 1997) . Although the adaptive mechanism of pigs to DON has not been fully understood, Prelusky (1997) suggests that this adaptation is stronger when DON is fed orally than when given intravenously. One reason could be related to the effect on DON in the gut and especially its ability to alter the intestinal microbiota composition (Tenk et al., 1982; Mayer et al., 2017) . The role of gut microbiota in the biotransformation of DON into less toxic products through de-epoxidation has been reported in many studies on pigs, chickens, mice, and humans (Swanson et al., 1988; Young et al., 2007; Pierron et al., 2016; Gratz et al., 2018) . In pigs, Waché et al. (2009) reported that microbiota composition was significantly affected when the host was fed with a DON-contaminated diet for 4 weeks. It is assumed that this variation of microbiota composition would help the animal to cope with a DON challenge. In our experimental conditions, a 7-d challenge length was too short to allow the pig to fully adapt to DON and retrieve their normal feeding level. Similarly, Prelusky et al. (1994) reported that 7-week-old pigs fed with 3.26 mg DON/kg feed also adapted to DON but were not able to fully retrieve a feed intake similar to the control even until the end of a 4-weekchallenge. Meanwhile, Cote et al. (1985) reported that pigs subjected to 3.1 to 5.8 mg DON/kg feed took 5 weeks to adapt to DON and have the same feed intake as the control. All these results suggest that more than 4 weeks are needed for a total adaptation to a DON-contaminated diet and explain why shorter challenges lead to a more severe impact of the toxin.
In the present study, a previous DON exposure did not make the pigs resistant to a second interrupted DON challenge as indicated by the greater drop in feed intake of the DD pigs in the first day of P4. However, based on the faster retrieval rate in feed intake, this previous experience seemed to improve pig response to the repeated DON challenge. These results were similar to those reported by Flannery et al. (2011) in mice subjected to an intermittent repeated DON challenge. According to this study, the adaptation to DON exposure was dose dependent: multiple exposures at a level of 5 mg/kg can improve tolerance to the toxin but not at levels below 2.5 mg/kg. In the present study, this improved tolerance seemed to be mediated by changes in the feeding behavior: in the second DON challenge, meal frequency was affected only in the CD groups but not for the DD pigs. This improved resilience to the toxin could be related to the previously mentioned possibility of a modified pig microbiota that is more able to detoxify DON due to previous exposure. It could also be due to the impact of DON on immune system. Cano et al. (2013) indicated that DON exposure can induce inflammatory response leading to activation of T helper 17 cells. These cells have important functions in the adaptive immunity and in vaccine-induced memory immune responses against pathogens (Ouyang et al., 2008; Vautier et al., 2010) . The pigs subjected to a previous DON challenge could have had increased their tolerance to a repeated exposure possibly because of a better immune response. However, there are currently no studies on the development of acquired immunity to mycotoxins so this remains to be purely hypothetical.
In this study, the negative impact of DON in feed intake was only seen during the challenge period. During the recovery periods, challenged pigs had higher feed intake but this compensation was observed only after 2 to 3 d postchallenge. In rodents, DON was found to disrupt motor complexes in the intestine which slows down intestinal transit and inhibits gastric emptying (Fioramonti et al., 1993) . This effect of DON on the gut could possibly have carryover effect during the few days postchallenge which limits the stomach or gut capacity of pigs, thus inhibiting them to increase their feed intake immediately after the challenge.
In agreement with previous studies (Bergsjø et al., 1992; Rotter et al., 1994; Dänicke et al., 2006) , the negative effect of DON on feed intake resulted in a decreased amount of nutrient available for growth with a subsequent negative impact on growth performance. The challenged pigs in this study showed overall growth retardation when compared to the control pigs. Some studies also reported that pigs fed with DON-contaminated diets took longer to reach market weight House et al., 2002) . In the present study, the slaughter BW was numerically lower in challenged pigs, especially in DON-fed pigs late in the trial (CD and DD pigs), but the difference was not statistically significant with the control group. Compensatory growth mechanisms during recovery period could explain this attenuated effect of DON challenge on the market weight since pigs were slaughtered 21 d after the last day of P4.
Based on the FCR, feed efficiency was significantly lower during the challenge periods. This reduction in feed efficiency could be related to the increased maintenance requirement. It has been reported that DON induces inflammatory and sickness-like responses with associated changes in locomotor and thermoregulatory activities (Girardet et al., 2011a) , all of which contribute to increased maintenance requirements in pigs (Whittemore et al., 2001) . Bonnet et al. (2012) also reported that DON can activate neurons involved in increased energy expenditure. This effect could also be directly related to the lower feeding level which automatically increases the proportion of energy intake used for maintenance at the expense of growth requirements. However, looking at the overall performance, the lower feeding level did not seem to be the only limiting factor. The pigs challenged only once and only early in the trial (DC pigs) still had lower overall weight gain despite similar feed intake with the control in the postchallenge periods and in the overall trial period which resulted to an overall lower feed efficiency. This decreased feed efficiency, then, could be also partially explained by a decreased ability of the pigs to digest and utilize feed. Some studies reported toxic effects of DON such as decreased stomach integrity, inflammation in the small intestine, decrease villi length in the jejunum, and altered intestinal epithelium in general (Kolf-Clauw et al., 2009; Pinton et al., 2012; Lucioli et al., 2013; Pinton and Oswald, 2014) . These results suggest long-term DON effects in which the gut integrity of early-challenged pigs could have been altered early on thus preventing them to fully recover from the toxin.
In conclusion, the study confirms previous reports of the negative impact of DON in feed intake, feeding behavior, and growth performance of finishing pigs. This study also demonstrates that the severity of DON toxicity in pig performance can be attributed to the duration, the age of exposure, and the number of toxin challenges. The effect of DON seemed to be long-lasting and to continue after the challenge has ended; this resulted in a delayed compensatory effect and an inability to fully compensate the lost productive days.
